With a presumption altogether remarkable in one whose knowledge of medical literature is as deep as the Family Doctor and as wide as the Peripatetic Correspondents of the Lancet, I have modelled my title on that of William Harvey's great work, the 'Exercitatio Anatomica de Motu Cordis et Sanguinis in Animalibus'. This was first published in 1628, but Harvey had made his discovery years before, and even in 1616, as Lumleian Lecturer at the Royal College of Physicians of London, he had lectured on the work, hoping that a gradual dissemination might better prepare the minds both of his colleagues and the public for the reception of his novel ideas and the upsetting of traditional anatomical teaching deriving from Galen. In vain; 'I have heard him say', wrote his friend John Aubrey in his 'Brief Life', 'that after his Booke of the Circulation of the Blood came out, that he fell mightily in his Practize, and that 'twas beleeved by the vulgar that he was crack-brained . . .' Two centuries and more later, another epochmaking work made a similarly belated public appearance. Charles Darwin waited more than twenty years, patiently assembling enough evidence to make his case unanswerable, and only then hastened the publication of 'The Origin of Species' because he received a letter from A R Wallace outlining ideas very similar to his own. Their joint paper was presented to the Linnean Society in 1858, but another year passed before the book appeared; it was reviewed in The Times by T H Huxley, and sold out on the day of publication. Such a picture of the pattern of disseminating new knowledge could hardly be more different from that of today. The explosive growth of wealth and population set off by the industrial revolution has never been more impressive than now; the mere quantities of new knowledge, the mere numbers of those engaged in producing it, have reached proportions that would have been inconceivable even at the start of our own century. As society becomes ever more highly organized, as the activities of various groups, more or less formally structured, impinge on an ever-widening range of people, so it becomes of greater importance that techniques of communication should improve pari passu. We accept, on philosophical as well as on administrative grounds, that every man needs and is entitled to possess all the information required to adjust his life as satisfactorily as possible to the society around him. As more interpersonal relationships are set up so more problems, organizational, social, psychological and physical, arise; and we have at long last begun to recognize that the identifying and solving of such problems are no whit less pressing than scientific and technological advances in the face of nature.
Communication in the field of medicine presents almost a classic case study, and much has already been written about it by experts. I am no such expert, but perhaps it is useful to have from time to time a broader view from outside. Although I have, as it were, no personal experience of either the renal or the differential calculus, I am reasonably confident that I can tell the difference between them.
The use of recorded knowledge in medicine is as old as the profession itself. Much of the writings of Hippocrates and his immediate followers has survived, testifying to a long tradition of careful observation, recording and preservation. Indeed, this has not always been an advantage, for reverence for the writings of the Fathers has sometimes, as with Harvey, militated against acceptance of the truth. On the other hand, as late as 1879 T H Huxley thought it worth his trouble to write a long paper for Nature defending Aristotle's comments on the structure of the heart, even against the authority of Cuvier himself.
Medical literature has a long and enduring history, but it also covers a vast range, since it deals with symptoms and diseases, 'the thousand shocks that flesh is heir to', and with their alleviation and cure, as manifold again, and ranging from the most complex chemical preparations to the simplest and homeliest advice, such as that of Kipling's Old Man Camel, though doubtless couched in more professional-sounding terms:
The cure for this ill is not to sit still, Or frowst with a book by the fire; But to take a large hoe, and a shovel also, And dig till you gently perspire.
On top of this is the fact that every patient is a unique species, potentially combining in himself an unanticipated and unrepeatable collection of factors, any of which may turn out to be crucial. Thus every practitioner may have the chance to contribute to the common store of knowledge, and the advancement of the science is by no means confined to the specialist in research; and among the strong bonds that unite the medical profession, the practice of contributing short personal communications about unusual new cases is not the least. It undoubtedly helps to foster the idea of groups, schools or societies to provide a formal framework within which such exchanges of information can easily be made.
Society itself has in one way or another assumed responsibility for fighting disease and promoting the good health of its members. By such means as the organization of medical education, the founding of hospitals, the control of drugs and by similar legislative action, sections of society, including religious bodies and the State, have acted to provide places and systems where medical knowledge might be assembled and used to the benefit of medical practice. As the accumulation of knowledge has made it harder for the individual, however gifted, to muster the resources necessary for making new discoveries, the characteristic research unit is now the team of specialists each contributing to the common venture his own particular expertise. The State has often come to intervene on the research level also, and in many countries there are national institutes for the study of medical problems. Our Medical Research Council, with its National Institute for Medical Research, is a good example of an organization sponsored by the State but run by members of the professions and retaining a large measure of independence. A relatively new but highly potent force in this field is the group of industrial firms dealing in pharmaceuticals; in some countries, perhaps less fortunate than ours, clashes between scientific and financial interests have not always been settled in favour of science.
Thus the effort devoted to the advance of medical knowledge has grown and become diverse; publications have come from some unexpected sources, and the need for efficient systems to organize the flow of communication has impressed itself with great force. In considering progress on this front we have to bear in mind one factor that has not changed and which now distinguishes the medical profession from most other scientific groups: despite all the new institutes, academies, schools and hospitals, most medicine is practised by individual practitioners, and these are widely scattered, often working in remote areas where even the day-today communications are poor and inefficient. It is to these people, perhaps, that modern techniques of information handling hold out most promise.
As there has been a long tradition of the use of books in medicine, so there has been a long tradition in the establishment of libraries, and the library has become more than ever a necessary intermediary between the practitioner and his information. Though there is still no substitute for the personal working library, the quantity and specialization of scientific literature puts the selfsufficient personal collection out of reach. Over the centuries many eminent men have helped their societies and colleges by bequests of their personal libraries; Harvey's own legacy to the Royal College of Physicians is commemorated in the title of the Harveian Librarian. In London, in addition to the great library of the Royal Society of Medicine, there are fine collections in the colleges, in the schools of medicine, in the research departments of pharmaceutical firms, in hospitals. They have long been an object of universal admiration, and I am glad to see that the Nuffield Provincial Hospitals Trust has lately asked the National Book League to make a study of the services available to doctors and nurses and of the organization of libraries in regional hospitals. The NBL has just published its results in two small but important pamphlets (National Book League 1966a, b). In the United States, the famous library of the Army Surgeon-General has become the National Library of Medicine and has taken a highly significant step forward with the establishment of MEDLARS -Medical Literature Analysis and Retrieval Systemwithin the US Department of Health, Education and Welfare.
So long as the personal library remained the only working tool available, there was little need for elaborate systems to organize the contents of the collection. So long as each reader was in continuous contact with a library and could cope with all publications in his field, the systems of cataloguing, classification and display were based on the assumption that the library's only task was to obtain and store publications that readers already knew about. This assumption no longer holds good, and new techniques for handling and disseminating information in libraries have been developedsometimes at breakneck speed and with little regard for traditional methods, not all of which have actually outlived their usefulness. Chief among these are indexing and abstracting, both aimed at giving an indication or a brief summary of contents of items currently published and thus bringing them to the notice of readers who might otherwise remain unaware of them.
Any consideration of indexes and abstracts soon reveals two basic factors, often in conflict: on the one hand, the convenience of the user (or patient); on the other, cost. An index, since it gives no more than the author and title of a document, is relatively easy to compile and such listing can be done by unskilled workers. But if the list is to have any systematic arrangementand if it is at all lengthy it must have some system, to be usefulthen a principle of arrangement must be found. Some lists are in chronological order, some in alphabetical order of authors, and these have their advantages. But most indexes are arranged by subject; and the subject analysis of documents, the assignment to them of subject headings, is by no means an unskilled task, since the subject headings constitute the main guide to the searcher looking for information on a specific topic. An abstract, by contrast, gives much more of the contents of a document, and therefore does not stand in so much need of a subject heading; abstracts can very well be arranged according to the notational symbols of a scheme of classification, with only the briefest explanation, if any, of what the symbols mean. It is by examining the abstract itself that the user determines whether or not to consult the original, and it may happen that an abstract will contain all the facts he requires. To compile abstracts, however, means reading every item and spending highly-charged intellectual time in formulating the most appropriate summary, and abstracts are liable to cost much more, weight for weight, than indexes. Not surprisingly, therefore, abstracts have tended to be popular in limited, specialized fields; while indexes have been the vehicle for most of the experiments in new techniques of information handling, particularly those involving mechanization.
Successful information retrieval obviously depends on ensuring that the terms chosen by the user to describe his subject correspond to the terms chosen by the indexer to index the same subject. Every system (or nearly every system) acknowledges this by including references between synonyms and between some related terms. Modern research has turned, however, to a more difficult problem, namely the relation between subject headings, or 'descriptors', and the complex statements that are actually the subjects of documents. If we take Harvey's book, for example, we can say that it deals with the HEART, the BLOOD, with CIRCULATION (or MOVE-MENT), in the BODIES of ANIMALS. How should we link up all these terms in indexing the document, so as to ensure that the user finds it, no matter which term he chooses? We could make an entry under every one, and this has much to commend it; but it is expensive; and still does not tell us how to make a sub-arrangement of the many different items that would certainly appear under some of the terms. Systems of 'concept co-ordination' have to be found, preferably with rules of combination that are clear and consistent.
One system that has achieved some popularity is called Keyword-in-Context, or KWIC; its system, if that is the right word, is to index a document under the significant words contained in the title given by the author. The assumption that authors actually use significant words in their titles has been hotly debated, but the technique is important because it can readily be used by a computer in the production of printed subject indexes, and does not require skilled indexers to select the subject headings.
In the Index Radiohygienicus, published by the Institute of Radiation Hygiene in Prague, the KWIC technique is used, in order to achieve a speedy publication; yet the items in this bibliography date from two to five months before the date of its publicationnot as good as the British Technology Index, which uses manual methods. The KWIC system is based on titles only and uses the computer to arrange each entry under every significant word in a title; the filing word is set towards the middle of the line, in order to allow some text to precede it (Fig 1) . Part of the function of an index entry is surely to provide some sort of clue to whether a given item is likely to interest a particular searcher; the consecutive entries in Fig 1 were chosen at random, but not one of them gives enough information to form a judgment, and in every case one would need to turn back to the bibliography itself, to find out just what the article was about. Then, in addition to the fact that not all significant words will always be included in titles, we have the usual grave defect of lack of cross-references from synonyms or from closelyrelated terms. There are, for example, several entries under CANCER, several more under CARCINOMA, and yet more under TUMORS and TUMOURS. The importance of this is that, when one chooses a search term, and finds entries filed there, one naturally assumes that it is the right term, and that everything in the index relating to that subject will be filed under it. Where there is no network of references this is not the case, and one may very well miss the item that one really requires. KWIC indexing may be a splendid example of what a computer can do with words if given the chance, but to my mind it represents an intoler-able departure from all standards based not on the convenience of the indexer but on the convenience of the user. If we turn to another, far more important, mechanizcd system, we can readily see the differences.
The US Army Medical Library has long been famous for its production of catalogues and indexes, and when it became the National Library of Medicine it was able to introduce the all-embracing scheme of MEDLARS. Among the important products of this scheme are the Current Catalog of the Library's acquisitions, the Index Medicus of current periodical literature, and a retrieval service to which questions may be put, and answers produced by a computer search. The searching, arranging and printing of these lists are, all mechanized, from the type-setting operation onwards, and the system is undoubtedly one of the most advanced of its kind. The Current Catalog, in its Subject Section, uses the National Library of Medicine classification terms, and some from the Library of Congress list of subject headings (National Library of Medicine 1963).
For the Index Medicus a new 'thesaurus' of Medical Subject Headings, known as MESH, has been constructed. It contains an alphabetical list of terms with cross-references to others, followed by the same terms sorted into categories, each category being a recognizably homogeneous chain of subdivision is not always found consistently: in C5 Respiratory Diseases, PNEU-MOCONIOSIS includes Silicosis and Silicotuberculosis, and the latter is also listed as a division of SILICOSIS (Fig 4) . In Category C14 Injury, Poisoning (&c.), very few terms appear under OCCUPATIONAL DISEASES, one being Lead Poisoning; under POISONING, however, appear many other types, most of them occupational hazards (Fig 4) . This arrangement in categories, and the extensive cross-referencing that appears in the alphabetical section, help to overcome some of the difficulties of searching. The article 'Nine years toxicity control in insecticide plants', though not indexed under Toxicity or TOXI-COLOGY, may be traced by the reference from TOXICOLOGY to POISONS, which comes next to POISONING, under which th5 article is indexed (Fig 5) . This may seem a cumbersome process, but it does at least mean that there is a path which can be traced out by an enquirer who chooses the wrong termwhich may be a very reasonable term to chooseand is patient or persistent enough to follow up the trails that exist. Use of the categories section, as well as the alphabetical section, provides additional help in selecting terms in the first place. MESH is, in fact, one of the best examples of a thesaurus that has, however painfully, managed to incorporate some of the obvious advantages that derive from a systematic structuring of the scheme of terms used for indexing. Recent articles by McClelland & Mapleson (1965 , 1966 , of the Welsh National School of Medicine, demonstrate the same process in operating a scheme for the co-ordinate When we turn to abstracting, we find that medical literature has again much to show. In addition to wide-ranging general journals such as Excerpta Medica and the Russian Meditsinskiz' Referativnyj Zhurnal (typically of medical independence this is produced by the Soviet Ministry of Health, and not by the all-pervasive VINITI), there are many specialized services, such as Hospital Abstracts, Nutrition Abstracts and Reviews, and the Tropical Diseases Bulletin. Like Index Medicus, these are published in volume form, but the Occupational Safety and Health Information Centre (CIS) in Geneva issues its abstracts on cards so that subscribers can build up a cumulating file. These abstracts are given serial numbers and, like the items in Index Medicus, may be obtained from CIS in full or in translation. They are also given classification symbols derived from a scheme of terms not unlike the categories of MESH. The terms are grouped in facets, with some hierarchies, and with the same pre-coordinate linking of organs and diseases; but each term also has a symbol, and the indexing is to symbols, and not to words, according to the 'chain procedure' of Ranganathan (1950) (Figs 6-9) . Every six months a printed index to the classified file of cards is issued. Chain indexing is a very economical technique, and works well (as in the British National Bibliography) where the subjects classified require few facets to describe them. But as Cleverdon (1962) has shown in the Aslib-Cranfield comparative tests of indexing systems, a chain index may present serious problems in an information search where many facets are involved. In any case, such an index can only be used in conjunction with a classified file containing the actual entries for the documents. The advantage is that at the class number one finds not only documents on the immediate subject, but also documents on closely related subjects next to them in a systematic array.
The purpose of such systems is to ensure consistency in indexing and a guide for the searcher to the headings used to describe entries in the index. They can also be used to prepare formal statements of subjects of interest to a particular user. By registering his 'profile' in this way, a user should be able to receive a personal service of notification about only those items in which he is specifically interested. Selective Dissemination of Information (SDI), which with manual systems remains the privilege of certain elite groups (such as the academic staff of the University of London Institute of Education), should with the aid of computers be brought within the reach of many more; and I would think it particularly appropriate to the situation, as in medicine, where a large central library or information centre gives a service to a large number of scattered practitioners. The National Electronics Research Council has begun a large project to investigate the effectiveness of SDI in the field of electronics (Aitchison 1965 ). I do not look forward to the disappearance of large libraries, because I think many users value the chance of browsing; as is well known, the serendipity factor enjoys great prestige under that name. But our principal problem is how to create easy access to such large stores, even though they may be remote from the user, and fortunately modern methods of communication do indeed allow us to do just that.
All of us are, I suppose, only too familiar with the telephoneat the time of its invention regarded by many as a blessing. For documentation purposes the teletypewriter offers a superior tool for cheap, instantaneous transmission of precise messages. Many libraries all over the world are linked by Telex, and coupled with the growing popularity of microfiche, and small cheap film-reading machines, it gives us the chance to obtain, at low cost, copies of documents for our own personal use virtually by return of post.
It is no far cry from this to such adventures as Project MAC of the Massachusetts Institute of Technology, or their even more elaborate INTREX, Information Transfer Experiments (Shera 1966) . These are on-line computer systems, in which the enquirer transmits his message on his own tape-typewriter, or writes it with a lightpencil on a television-type screen, to a central store entirely recorded in a computer memory. The computer searches the store and transmits 
the answer back in much the same way, producing either a typescript or a display on the television console. One can thus envisage, without too great an effort, the medical practitioner of the future, with relatively simple (and already well-known) equipment, able to obtain instantly information from a gigantic repository in, say, Yorkshire, or Wimpole Street, or even Washington, DC.
I do not suggest that such mechanical marvels ought to replace the very effective dissemination of general up-to-date information through such journals as the British Medical Journal and the Lancet. But if we are to cope with the vast complexity and detail of modem knowledge, we shall also have to look to such systems as these. I have been able to deal only superficially with them, but my aim has been, as Francis Bacon put it, 'to excite the judgement briefly, rather than to inform it tediously'. The Lord Chancellor Bacon's physician was William Harvey, who also attended King Charles I; and in the vicissitudes of the Civil War, he lost many of his books and papers. 'But he often sayd', writes Aubrey, 'that of all the losses he sustained, no griefe was so crucifying to him as the loss of these papers, which for love or money he could never retrive or obtaine'. With the development and refinement of our new systems, perhaps we may hope that never again will so heartfelt a cry be wrung from any other users of medical literature, on whose devoted and untiring labours so much of our well-being depends.
